Objective-To investigate the clinical effects of regulating umbilical cord clamping in preterm infants.
Introduction
Despite historical controversy the umbilical cord is generally clamped immediately, particularly after preterm delivery.' 2 There is greater awareness of the problems of excessive placental transfusion (hyperbilirubinaemia,3 polycythaemia and hypervolaemia4) than of the hazards of hypovolaemia,5 but claims of reduced preterm mortality with delayed umbilical cord ligation have been made for years. 68 We report the clinical effects of a 30 second delay in cord clamping, holding the preterm infant in a position facilitating placental transfusion.
Patients and methods Vaginally delivered infants over 27 and below 33 weeks' gestation were randomised immediately before delivery by means of sealed envelopes to either a "regulated" group or a "random" group. In the regulated group the attendant was asked to hold the infant 20 cm below the introitus for 30 seconds before clamping the umbilical cord. In the random group management was at the attendant's discretion. An observer recorded the infant's position relative to the introitus and the interval from delivery of the buttocks (or of the head at assisted breech delivery) to cord clamping. Infants with haemolytic disease or with major congenital malformations were excluded from analysis.
Seventeen infants were enrolled in the regulated group and 19 in the random group. Table I shows their characteristics. All but one (regulated group) were above the 10th centile for weight. There was a chance excess of boys in the regulated group. All infants in the regulated group had their cords clamped between 25 and 35 seconds after delivery; positioning 20 cm below the introitus was possible in all but two cases. The median interval to cord clamping in the random group was 10 seconds, and clamping was within 20 seconds in all but one case (25 seconds). Only one infant in the random group was held below the introitus. Outcome measures recorded included Apgar scores, initial packed cell volume, peak serum bilirubin concentrations recorded, red cell transfusions required and respiratory impairment assessed by ventilatory requirements, arterial-alveolar oxygen tension ratio9 over the first day in ventilated infants, and duration of dependence on supplemental oxygen. Packed cell volume was measured in the first arterial or venous blood sample obtained, usually when establishing arterial access. It was not logistically feasible to standardise the sampling time; in 23 of the 36 cases this was between 45 and 120 minutes after birth. The distribution of sampling times in both groups was comparable. The arterial-alveolar oxygen tension ratio was calculated with each arterial blood gas analysis over the first day.
Unit policy was consistent over the study period. Infants under 30 weeks' gestation were electively ventilated from birth. The study was terminated when exogenous surfactant was introduced because this influenced our respiratory outcome measures.
Statistical methods-Sample sizes of 15 Table V shows results of stepwise multiple linear regression analysis of outcome variables from the ventilated infants. Primary explanatory factors considered were birth weight, gestational age, gender, and treatment group. Treatment group was the most important determinant of the outcome measures considered; these included three "first day" measures which may themselves be useful predictors of subsequent outcome-that is, median and minimum arterial-alveolar oxygen tension ratios and packed cell volume. Stepwise regression was therefore repeated adding these to the set of possible explanatory factors, as shown in table VI. Median arterial-alveolar oxygen tension ratio was more important in predicting respiratory outcome whereas minimum arterialalveolar oxygen tension ratio emerged as the most important predictor for peak serum bilirubin concentration and number of red cell transfusions. First day packed cell volume also emerged as a predictor of transfusion requirements. The effect of treatment group on final outcome measures appears to be mediated largely through its effect on arterial-alveolar BMJ VOLUME 306 oxygen tension ratio and to some extent packed cell volume.
Discussion
Immediate umbilical cord clamping deprives neonates of a significant volume of blood. Although this has no obvious effect on healthy term infants,'2 13 it may compromise sick and preterm patients. The significant difference in mean packed cell volume between our groups suggests that "regulated" cord clamping enhanced placental transfusion. No infant developed polycythaemia or suffered adverse effects on Apgar scores or temperature. Our inability to standardise the timing of the initial packed cell volume is unfortunate as large changes in plasma volume occur in the first few hours of life. Red cell volume would be a more objective indicator of placental transfusion.'4 However, the significant difference in packed cell volume between the groups remained when only those samples obtained within the first two hours were compared and also when only those obtained from the third hour onwards were compared.
The immediate haemodynamic effect of interrupting blood flow to the low resistance placental circulation while the umbilical arteries are pulsating is an abrupt rise in systemic arterial pressure with possible deleterious effects.'5 Hofmeyr et al demonstrated this pressure surge in a term infant and postulated that it contributes to the development of periventricular and intraventricular haemorrhage in preterm infants. They showed a reduction in incidence of such haemorrhages in vaginally delivered infants of less than 35 weeks' gestation with a one minute delay in cord clamping. '6 In our groups there was no significant difference in the incidence of periventricular and intraventricular haemorrhages. Two cases of posthaemorrhagic ventricular dilatation arose, both in the random group.
The lower transfusion requirements in the regulated group reflected milder illness with less investigational blood loss but may also have related to a greater initial endowment of red cells and their precursors. We have shown that haemoglobin concentrations over 150 g/l in the first week tend to protect infants from red cell transfusion. ' Associations have been shown between low packed cell volume or red cell volume, or both, and the respiratory distress syndrome.20-23 Although the correlation between packed cell volume and red cell volurhe in sick patients is not close,'424 the higher packed cell volume in our regulated group probably reflected an enhanced red cell volume. We have shown that red cell volume predicts outcome in preterm infants. 25 Several studies have suggested that delaying cord clamping protects against the respiratory distress syndrome,"8"32226 although others have failed to confirm2728 or even refuted this.29 Varying definitions both of respiratory distress and of the terms "early" and "delayed"' 2 1 ' confound comparison ofthese studies.
Although the incidence of the respiratory distress syndrome was similar in our groups there were significant differences in variables reflecting disease severity. Fewer infants in the regulated group required high inspired oxygen concentrations, their median supplemental oxygen dependence time was shorter, and their first day arterial-alveolar oxygen tension ratios were more favourable. The excess of boys in this group makes these differences more remarkable.
Jaykka described the importance of capillary erection in lung expansion at birth."0 Maintaining the fetoplacental circulation intact until respiration is established allows drawing of blood from the placental "reservoir," facilitating pulmonary capillary filling and achieving better lung perfusion."23' We did not time onset of respiration relative to cord clamping but many infants in the regulated group were already crying. This was less likely in infants in the random group, half of whom underwent cord clamping within 10 seconds of delivery. More effective lung perfusion and expansion may have contributed to the more favourable arterial-alveolar oxygen tension ratios in the regulated group.
The arterial-alveolar oxygen tension ratio is a useful prognostic indicator. Tamow-Mordi et al found the mean arterial-alveolar oxygen tension ratio more closely associated with death than the worst arterialalveolar oxygen tension ratio.32 This accords with our finding that median arterial-alveolar oxygen tension ratio predicts respiratory outcome better than the minimum ratio. The former may reflect severity of lung disease, the latter exacerbations of intrapulmonary shunting such as occur with hypovolaemia.
In our study the minimum arterial-alveolar oxygen tension ratio was a predictor of transfusion requirements and of hyperbilirubinaemia. It correlated inversely with peak serum bilirubin concentrations (r=0-61; p=0 001), as did the initial packed cell volume in ventilated infants (r=0-40; p=0 044). Improved splanchnic and hepatic perfusion may result from enhanced blood volume. However, long (one and five minute) delays in cord clamping progressively increase the severity of neonatal jaundice in premature infants.3 We found no significant difference in peak recorded serum bilirubin concentrations between the groups.
In summary, a 30 second delay in cord clamping with the infant held 20 cm below the introitus gives a higher initial packed cell volume and higher arterialalveolar oxygen tension ratios (implying less right to left shunting of deoxygenated blood at cardiac or pulmonary level) on the first day. These independent intermediary outcome variables are both associated with improved final outcome.
This improvement in outcome implies economic as well as clinical benefit. For example, the reduced need for red cell transfusions in the regulated group saved expenditure and patient exposure to transfusion hazards. Had exogenous surfactant been available during the study eight of the 13 ventilated infants in the random group would have qualified for "rescue" treatment by entry criteria for recent multicentre trials3334 compared with only two of the 13 ventilated infants in the regulated group (p < 0-02; X2 test) with obvious financial implications.
Reviews in the early 1980s called for reactivation of research to establish the optimal positioning of the newbom infant and the optimal time for umbilical cord clamping at preterm deliveries. 25 Different cord clamping practices at vaginal delivery and at caesarean section still need to be evaluated in terms of effect on blood and red cell volumes and on physiological adaptations to extrauterine life in preterm infants. This should provide a simple, non-invasive means of reducing the costly morbidity associated with preterm birth.
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